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340 Jacaranda Core Science Stage 5

    TOPIC 9
On the move 

  9.1  Overview
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in 
your learnON title at  www.jacplus.com.au . They will help you to learn the content and concepts covered 
in this topic.  

 9.1.1 Why learn this? 
 The thrill of a roller-coaster ride allows you to experience sudden changes in motion. When the car sud-
denly falls, you seem to be pulled back just for a while. Such a ride raises many questions about the way 
that forces affect your motion.   

  The changes in velocity and acceleration experienced on a roller-coaster can be 
explained by Newton’s laws of motion. 
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TOPIC 9 On the move 341

  9.2  How far is it? 
 The coach sounds the whistle and you know it’s time to start the warm-up drill. Running across the oval, you 
wind your way through a course to a fi nish point marked out by coloured cones. Your team-mate takes a dif-
ferent route through a second set of cones. How do your paths differ and how are they the same? 

 9.2.1 Distance and displacement 
 The diagram on the next page shows three paths to the end of the oval. Yours is the blue path. Your friend 
runs along the red path. The black path is the shortest  distance  from the starting point to the fi nishing point. 

 Moving experiences  
1.   In this chapter you will learn about the forces that act on objects as they move. You already use much of the 

language of force in everyday conversations, and this activity will remind you of what you already know.  
(a)   Start by writing what you understand the important 

terms at right to mean. (Skip any that you fi nd diffi cult 
to explain.)  

(b)   Once you have written your meanings, share them 
with a partner. Discuss any meanings that you 
disagree on.  

(c)   Together with your partner, write an interesting 
account of an event that uses each of the words 
listed in the box above. For example, you 
could write from the viewpoint of a pilot on 
an airplane about the details of your fl ight 
so far.  

(d)   Share your account with the rest of the 
class.    

2.   Sir Isaac Newton is one of the most famous of 
our historical fi gures because of the signifi cant 
contribution he made to our current scientifi c 
understanding of motion. In your group, 
discuss what you already know about Newton 
and his discoveries and put your ideas into a 
mind map.  

3.   Modern cars are legally required to include 
safety features such as head restraints, 
seatbelts and airbags.  
(a)   Draw a labelled diagram to explain what 

happens to your body if a car that you are travelling in stops suddenly.  
(b)   Add explanatory labels to your diagram to describe how these safety features can protect you in an 

accident.  
(c)   What other safety features does your car have?  
(d)   How do you think that the safety rating of vehicles is determined?    

4. (a)        The speedometer in your car measures how fast you are travelling. Explain how you think a speedometer  
works.  

(b)   The police are able to detect whether you are travelling faster than the speed limit. Explain how you think 
the police can measure your speed.    

5.   Explain why athletes use starting blocks for sprints in competitive races.  
6.   When cycling on a bike:  

(a)   what forces are acting while moving on a fl at stretch of road?  
(b)   what forces are acting while moving down a hill?  
(c)   will peddling harder always result in you speeding up? Explain.    

7.   What is the difference between acceleration and deceleration?         
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342 Jacaranda Core Science Stage 5

    The three paths all differ in length, so 
the distance that you travel is different 
from that of your friend, and different 
again from the shortest path. You have 
travelled 70 m, your friend has travelled 
60 m and the shortest path is just 50 m 
from the starting point. 

 The shortest distance between the 
starting and fi nishing points is called the 
displacement. The displacement of an 
object is actually its change in position 
in a straight line path. Displacement is 
always given as a length and a direction. 
The displacement from the starting point 
in the above example is 50 m to the east. 

 Displacement is an example of a vector measurement, meaning the measurement is expressed as a size 
and a direction. Displacement tells us only about the starting and fi nishing points, but nothing about the 
path in between. In the warm-up drill example, you and your friend both have a displacement of 50 m east 
from the starting point, even though your paths differed in length. That is because both of you have started 
and fi nished in the same place. 

 The distance that you have covered is an example of a  scalar  measurement. Scalar measurements are 
expressed only as a size, with no direction. In the above example, your distance is different from your 
friend’s because the actual path is taken into account, not just your starting and fi nishing points. 

 9.2.2 Straight line motion 
 Straight line or linear motion involves an object moving side to side or up and down along a single straight line. 

 In another training drill you are asked to run back and forth along a straight line; in it you run east 
100 m, drop down to complete 10 push-ups, run back to your starting point, and then run west 20 m past 
your original starting point to collect a fl ag. 

70 m

START FINISH
50 m

60 m

20 m west

100 m east

Start
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TOPIC 9 On the move 343

The total distance that you have travelled in this drill is:

100 + 100 + 20 m = 220 m.

Your displacement takes into account only your starting and finishing points, and can be stated as ‘20 m 
west’. You could use plus (+) and minus (−) signs to indicate direction. If ‘east’ is taken as the positive 
direction, your displacement at the end of this drill is written as ‘−20 m’.

While your total distance is calculated by adding the length of each section that you have travelled along, 
your displacement is calculated by comparing your finishing with your starting point.

In the above example, if you had later 
walked back to your starting point, your total 
distance travelled would have been 240 m 
and your displacement would be 0. Can you 
see why?

9.2.3 Using a line graph to 
plot your position
The position throughout your motion can 
be plotted on a line graph. Your position 
is plotted on the vertical (y axis) while the 
time elapsed is plotted on the horizontal  
(x axis). Such a graph can be used to plot the 
distance travelled over time or the displace-
ment versus time. Be careful, a  distance–
time graph may look quite different to a 
displacement–time graph, even for the same 
journey.
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In the last leg of the drill,
your distance travelled

increases by 120 m
as you run back 20 m

past the start.
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this drill in

approximately
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push-ups, your

distance travelled
does not change.
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A distance–time graph for the circuit
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You complete the drill in approximately 15 seconds.
 

Your starting point 

The �rst leg 
of the drill

As you complete the push-ups, 
your displacement from the starting 
point does not change.

In the next leg of the drill, you head back to the  
starting point. 

After approximately 14 seconds, you are back at  
the starting point.

You run past your starting 
point, so the graph dips 
below the axis.

A displacement–time graph for the circuit

UNCORRECTED P
AGE P

ROOFS



344 Jacaranda Core Science Stage 5

 9.2.4 Parking sensors 
 Parking sensors are a technology com-
monly included in cars today. The sensors are 
embedded in the front or rear bumper bar of a 
car and measure the distance to nearby objects, 
warning drivers if there is a risk of collision 
while moving into a parking spot. The parking 
sensor works by emitting ultrasound at a fre-
quency around 40 kHz and then measuring 
the time taken for sound pulses to be refl ected 
back to determine the distance to a car or other 
obstacle while parking.     

  Parking sensors detect the distance to nearby 
obstacles using refl ected ultrasound. 

 HOW ABOUT THAT! 
 AFL footballers use Global Positioning Satellite (GPS) equipment so 
that coaches can trackw the movement of players around the fi eld. 
Each player wears a locator beacon, about the size of a pack of 
cards, that sits unobtrusively under his jumper. GPS satellites track 
the position of the players on computers and then analyse their 
movements. Total distances covered, time spent walking, jogging, 
running,   average speed  , maximum speed and heart rate are all 
measured with the unit. Computer software then allows a player’s 
performance to be compared with previous games or against 
team-mates. 

A footballer wearing a GPS device

 9.2 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback and sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.    Recall  the difference between distance and displacement.  
2.    Describe  how a vector measurement differs from a scalar measurement.  
3.    Explain  the purpose of the negative (−) sign in the straight line motion example of the running drill.  
4.   According to the  position–time graphs ,  identify  how long it took you to complete the set of push-ups.   

 Think  
5.   In the  displacement–time graph , what is your displacement when completing the push-ups?  
6.   The text describes how, in the running drill, your distance travelled becomes 240 m and your displacement 

0 m if you walk back to your starting point.  Explain  why.  
7.   In a shopping trip, you travel 150 m to the shops and back home again.  Calculate   

(a)   the distance travelled  
(b)   the displacement for your journey.    

8.   According to the  distance–time graph ,  identify  at what point through the running drill you are travelling the 
fastest.  

9.   A dance routine has you take three steps back, shake your hips, take fi ve steps forward and stomp your foot, 
then take two steps back and shake your head.  
(a)    Construct  a number line to represent the dance steps.  
(b)    Calculate  the distance you travel in steps during the entire dance routine.  
(c)    Calculate  your displacement from the beginning to the end of this dance routine in steps.    

UNCORRECTED P
AGE P

ROOFS



TOPIC 9 On the move 345

10. A student recorded their position from 
home to the local shops on two separate 
afternoons and presented this data in the 
form of line graphs. Refer to each of the 
graphs in describing the journey on each 
afternoon.

Investigate
11. How could the data obtained about the 

movements of AFL footballers be used  
by their clubs? Investigate the type  
of ICT application that could best  
analyse this data.

12. The GPS system was set up and is 
maintained by the United States military 
for their own use, although they allow us 
to access the system. Using the internet, 
prepare a summary of how these systems 
operate, how accurately they give a 
position and the uses for GPS.

9.3 Ready, set, go!
Could a kangaroo win the Melbourne Cup? Who 
would win a race between a sea turtle, a dolphin 
and an Olympic swimmer? You can answer these 
questions only if you know the average speed of 
each ‘competitor’ during the race.

Speed is a measure of the rate at which an object 
moves over a distance. In other words, it tells you 
how quickly distance is covered. The average 
speed can be calculated by dividing the distance 
travelled by the time taken. That is:

average speed = distance travelled
time taken

.

In symbols, this formula is usually expressed as:

ν = d
t
.
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 Complete this digital doc: Worksheet 9.1: Distance and displacement  (doc-0000)

RESOURCES — ONLINE ONLY

Who would win?

(a)

(b)
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346 Jacaranda Core Science Stage 5

9.3.1 Which unit?
The speed of vehicles is usually expressed in kilometres per hour (km/h). However, sometimes it is more 
convenient to express speed in units of metres per second (m/s). The speed at which grass grows could be 
sensibly expressed in units of millimetres per week. Speed must, however, always be expressed as a unit of 
distance divided by a unit of time.

Some examples
(a) The average speed of an aeroplane that travels from Perth to 

Melbourne, a distance of 2730 km by air, in 3 hours is:

The formula can also be used to express the speed in m/s.

ν = d
t

= 2 730 000 m
3 × 3600 s

 (converting  kilometres  to metres  and  hours  to  seconds)

= 253 m/s

(b) The average speed of a snail that takes 10 minutes to cross 
an 80 cm wide concrete paving stone in a straight line is:

ν = d
t

= 80 cm
10  min 

= 8 cm/min.

9.3.2 Calculating distance and time
The formula used to calculate average speed can also be used to 
work out the distance travelled or the time taken.

Since ν = d
t

You might like to use a formula triangle to solve problems using this 
equation. Place your finger over the variable you wish to calculate:

More examples

(a) The distance covered in 2 
1
2

 hours by a train travelling at an 

average speed of 70 km/h is:
   d = vt
   = 70 km/h × 2.5 h
   = 175 km.

ν = d
t

= 2730  km
3 h

= 910  km/h.

d = νt  and  t = d
v
.

d = v × t

t = d–vv =  d–t

d

v t
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TOPIC 9 On the move 347

(b) The time taken for a giant tortoise to cross a 6 metre wide 
deserted highway at an average speed of 5.5 cm/s is:

t = d
v

= 6.0m
0.055 m/s

 (converting 5.5 cm/s to 0.055 m/s)

= 109 s (to the nearest second)

= 1 min 49 s.

9.3.3 When the direction matters
The term velocity is often used instead of speed when talking 
about how fast things move. However, velocity and speed are dif-
ferent quantities. Velocity is a measure of the rate of change in 
position ( displacement), whereas speed is a measure of the rate 
at which a distance is travelled. To describe one’s displacement, 
the direction must be stated, so velocity has a direction as well 
as a magnitude (size). When determining speed, the direction of 
movement does not matter.

9.3.4 At a snail’s pace
Imagine a race between two snails, Bo and Jo, between the points P 
and R shown in the diagram on the right. Bo, being slower but smarter, 
takes the direct route. Jo, faster but not as clever, takes an indirect 
route via Q. The race is a dead heat — both snails finish in 1 minute.

The table below describes the motion of the two snails and 
shows the difference between their speed and velocity.

Notice that when there is no change in direction, the magnitude of the velocity is the same as the speed.

INVESTIGATION 9.1

Distance and displacement
AIM: To compare the speed and velocity of a journey through the school

You will need:
trundle wheel or smartphone with GPS locator
stopwatch
compass

R (FINISH) Q

Jo
Bo

P (START)N

S

W E

N

S

W E

4 cm

4 cm

5.
7 

cm

A race at a snail’s pace

Bo Jo

Average speed distance  travelled
time  taken

= 5.7  cm
1  min

= 5.7  cm/min

distance  travelled
time  taken

=  
8.0  cm
1  min

=  8.0  cm/min

Average velocity change  in  position

time  taken

= 5.7  cm
1  min

 SW

= 5.7  cm/min  SW

change  in  position

time  taken

=  
5.7  cm
1  min

 SW

=  5.7  cm/min  SW

The race between Bo and Jo
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348 Jacaranda Core Science Stage 5

Units of measure
It is important that scientists can share their data and findings. To do this, they use a common set of units. 
In 1960, scientists from across the world agreed on a common system known as the International System 
of Units (SI). The SI unit for both distance and displacement is the metre (m) and the SI unit for speed and 
velocity is metres per second (m/s).

You may have seen ‘metres per second’ also written as ‘ms−1’. These units are derived from the formula 
for calculating speed:

speed = distance
time taken

= (metres)
seconds

When shifting the ‘seconds’ from the denominator to the numerator of the fraction, the index (or power) 
becomes negative. Hence, the seconds are written with an index of −1 in ms−1.

9.3.5 Interpreting position–line graphs
The Stawell Gift in Victoria is a famous annual race. This is a handicap event so the starting positions of 
the competitors are determined by their fastest times in previous race heats. To win the final race, a com-
petitor needs to cross the finish line in the quickest time. As the starting position for each competitor is 

HOW ABOUT THAT!
Confusion over units causes the Mars Orbiter satellite loss

NASA lost the $125 million Mars Climate Orbiter because an 
error was made by the contractor, who used English Imperial 
measurements (feet, pounds, inches). The Jet Propulsion 
Laboratory (JPL) navigation team, however, used SI-system 
measurements in the complex business of calculating the 
spacecraft’s position. When the JPL team said, ‘500 metres’, 
the spacecraft’s computer thought, ‘500 feet’ (about 150 m). 
The spacecraft went too close to the planet’s atmosphere, 
where it burned and broke into pieces. After completing a 
10-month journey to Mars, it was lost on 23 September 1999. 
‘People sometimes make errors,’ said Edward Weiler, NASA’s 
Associate Administrator for Space Science . . .

NASA’s Mars Climate Orbiter

• With the members of your group, plan the path for a journey from your classroom to the canteen and then to 
a favourite recreation spot in the playground, preferably without the need to use stairs.

• Begin timing and walk the route. Record the distance travelled using the trundle wheel or GPS locator.
• Record the time taken for the journey.
• Calculate the speed travelled using the equation v = d/t and record your answer in m/s.
• Measure the displacement, or change in position as a straight line from the start to the finish point for the 

journey using the trundle wheel or GPS locator. If this cannot be done because of the obstacles between, 
estimate this length.

• Calculate the velocity for the journey and record your answer in m/s. Use the compass to determine the 
direction travelled from the starting point and include this along with the magnitude of the velocity.

Discussion
1. Why were your speed and velocity so different for this journey?
2. Why did your speed exceed your velocity?
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TOPIC 9 On the move 349

different, it means that some competitors will have to travel much faster than others in order to win the 
race. The next page is an example of a heat.

Using the gradient
The slope of a position–time graph tells us 
how quickly the person or object is moving: 
the steeper the graph, the greater the speed. 
The slope of a graph is called its gradient. The 
gradient of a graph is calculated by comparing 
how much the graph rises with how far it goes 
across. These two measurements are called the 
rise and the run of the graph.

In the graph at right the competitor’s speed 
increases from 5.0 m/s to 10.6 m/s after the 
2-second mark.

9.3.6 Instantaneous speed
The average speed of an object tells us the 
overall speed over an entire journey. During that 
time, the speed may vary from that average. For 
example, a car that makes a 60-kilometre journey 
from one side of the city to the other in one hour 
will have an average speed of 60 km/h. However, 
this does not mean that the car was travelling at 
60 km/h for the entire journey. At some moments 
in its journey it may have been at rest, or travelling slower than 60 km/h or faster than 60 km/h. The speed 
of an object at a particular moment in time is called its instantaneous speed.

The instantaneous speed of an object may be less than, equal to or even greater than the object’s average 
speed. Consider the graph on next page, which shows the progress of a 100 m sprinter over the course of 
her race. As you can see, her average speed in the second half of the race is faster than in the first half. Her 
instantaneous speed at the 10-second mark is 14.5 m/s, yet her average speed over the entire race is only 
about 10 m/s.
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This athlete begins slowly, but 
then speeds up. He reaches 
a greater speed than the 
winner, but comes in second.

This athlete runs at a steady 
speed throughout the race. He 
is the winner as he reaches the 
finish line in the quickest time.

This competitor travels at different speeds at different times. 
The steepest parts of the graph represent the times when he 
was travelling fastest. In fact, this runner has the top speed of 
these three competitors, but maintains it for only short bursts. 
This competitor runs a shorter distance than the other two.
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350 Jacaranda Core Science Stage 5

9.3.7 Measuring speed
When German Formula One racing driver 
Michael Schumacher broke the Australian Grand 
Prix lap record in 2004, he completed a 5.303 km 
lap in 84.125 seconds. His average speed was:

ν = d
t

= 5303  m
84.125  s

= 63.04  m/s  (about  227  km/h).

However, he was able to speed down the 
straight at speeds of up to 320 km/h.

Clearly, the average speed does not provide 
much information about the speed at any par-
ticular instant during the race.

9.3.8 Keeping track of the speed
The full story of each lap of Michael Schumacher’s race circuit run could be more accurately told if his 
average speed was measured over many short intervals throughout the event. For example, if stopwatches 
were placed at every 100 metre point along the track, his average speed for each 100-metre section of the 

INVESTIGATION 9.2

Measuring average speed
AIM: To collect distance and time data to plot distance–time graphs

You will need:
tape measure or trundle wheel
stopwatch
calculator
• Form groups of four: one student is the racer and the other three are timekeepers.
• Measure a distance of at least 20 m across the playground and divide it into 3 equal segments; e.g. 10 m 

each.
• Position a timekeeper at each end of each segment.
• Each timekeeper times how long it takes the racer to cover the distance from the start to the end of their 

segment. For example, for a 30 m journey, timekeeper 1 records the time taken to cover 10 m, timekeeper  
2 records the time taken to reach 20 m, etc.

• Collect time for the racer to:
– walk the distance
– run the distance
each at a steady pace.

• Draw a distance–time graph using the cumulative data for the journey walking and running on the same set of 
axes. Draw a straight line of best fit for each set of data.

Discussion
1. What is the benefit of plotting results on the one set of axes?
2. In which graph is the line of best fit steepest? What does this indicate?
3. Calculate the gradient of each line to determine the walking and running speed in this experiment.
4. Was the speed walking and running constant for each journey? How do you know?
5. In what time must your racer have covered the distance to be able to compete against an Olympic 200 m 

runner who has an average speed of 10.4 m/s?
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The top speed reached by the 
sprinter is approximately 14.5 m/s.

The sprinter travels a greater 
distance each second  
near the end of the race 
compared with the start  
of the race. Her speed is 
increasing through the  
course of the race.

She completes 
the second 
50 m in about 
4 seconds.
The sprinter 
completes the 
first 50 m in 
approximately 
6 seconds.

The sprinter takes 10 seconds 
to complete the 100 m race.

The sprinter 
begins the race 
here.
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TOPIC 9 On the move 351

circuit could then be calculated. On the other hand, if stopwatches were placed every metre along the track, 
his average speed for each 1-metre section could be calculated. By placing stopwatches at shorter intervals, 
a more accurate estimate of his instantaneous speed can be obtained. 

 9.3.9 There must be better ways! 
 The speedometer inside a vehicle has a pointer which rotates further to the right as the wheels of the car 
turn faster. It provides a measure of the instantaneous speed. 

 The police use three different methods to measure the speed of vehicles on the road. These are described 
below.  
 •   Radar guns and mobile radar units in police cars send out radio waves. The radio waves are refl ected 

from the moving vehicle. However, the frequency of the waves is changed due to the movement of the 
vehicle. The change in the frequency depends on the speed of the moving vehicle. The altered waves are 
detected by the radar gun or mobile unit. Radar provides a measure of the instantaneous speed.  

 •   Fixed speed cameras also use radio waves to detect 
speeding motorists. Electronic detectors are embedded 
into the road surface in each lane of traffi c. As vehicles 
travel over these detectors, they trigger the emission of 
radio waves that, when refl ected back, allows the speed 
of each vehicle to be measured. If the speed of the 
vehicle exceeds the legal limit then a digital picture is 
taken of the offending vehicle.  

 •   Point-to-point speed cameras are used on various high-
ways throughout the country, particularly in areas iden-
tifi ed as road fatality hotspots. They work by measuring 
the amount of time it takes a vehicle to drive between 
two points of known distance and then calculating the 
average speed of the vehicle. Point-to-point cameras 
record digital photographs of vehicles and their license 
plate as they pass the start and end points of an enforce-
ment length. The time taken to travel between one 
camera site and the next and the average speed are   then 
calculated. If the average speed exceeds the speed limit, 
an infringement notice is issued.     

  A fi xed speed camera 

 INVESTIGATION 9.3 

 Ticker timer tapes 
  AIM:  To practise using a ticker timer to investigate motion 

You will need:   
ticker timer   
power supply   
ticker tape (in 60 cm lengths)   
scissors   
•   Connect the ticker timer to the AC terminals of the power supply and set the voltage as instructed by your 

teacher.  
•   Thread one end of the ticker tape through the ticker timer so that it goes under the carbon paper disc.  
•   Hold the ticker timer fi rmly to the edge of a table or bench so that you will be able to pull approximately 

50 cm of ticker tape through it.  
•   Turn on the power supply and check that the ticker timer leaves a black mark on the ticker tape.  
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352 Jacaranda Core Science Stage 5

9.3.10 When time ticks away
A ticker timer provides a simple way of recording motion in a laboratory. When the ticker timer is con-
nected to an AC power supply, its vibrating arm strikes its base 50 times every second. Paper ticker tape 
attached to the moving object is pulled through the timer. A disc of carbon paper between the paper tape 
and the vibrating arm ensures that a black dot is left on the paper 50 times every second, leaving a trace of 
black dots every fiftieth of a second.

The average speed between each pair of dots can be 
determined by dividing the distance between the dots by 
the time interval. To make calculating the speed easier, 
every fifth dot can be marked as shown in the diagram 
Using ticker tape to plot a graph. Each of the marked inter-
vals on the tape represents five-fiftieths of a second — that 
is, 0.1 seconds. The average speed during the first interval 
on the tape shown in the figure at right is:

ν = 4.1
0.1 s

= 41 cm/s.

Ticker
tape

Carbon paper 
disc

Vibrating arm

Electromagnet

Motion can be recorded with a ticker timer.

• Hold the end of the ticker tape and pull the ticker tape so that the tape 
moves through at a steady speed.

• Remove the ticker tape and mark off the first clear dot made and every 
fifth dot after the first. (There should be four dots between each of the 
marked-off dots on the ticker tape.) Measure the distance travelled 
during each 0.1 s interval and write it on your tape. Label the intervals 
as interval 1, interval 2, interval 3 etc.

• Cut your ticker tape into 0.1 s intervals and glue the strips in order 
onto a sheet of paper. Glue a maximum of 5 strips. Each strip shows 
the distance travelled during a 0.1 s time interval. The graph therefore 
shows how the speed changes with time.

Discussion
1. How much time (in total) 

elapsed between the printing 
of the first clear dot and the 
last dot marked off?

2. Calculate the average speed 
for the motion that took place 
between the first clear dot 
and the last marked dot.

3. Calculate the average speed 
during each 0.1 s interval.

4. Did you succeed in keeping your speed steady?

0.1 s 0.1 s 0.1 s

Interval 1 Interval 2 Interval 3

Using ticker tape to plot a graph

Interval
1

Interval
2

Interval
3

0.1 s 0.1 s 0.1 s

Each marked internal represents a time of 0.1 s.
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9.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall the formula used to calculate average speed in symbols and state which quantity each symbol 

represents.
2. Explain the difference between speed and velocity. Use an example to support your explanation.
3. Describe how the gradient of a distance–time graph relates to speed.
4. (a) How many times does a ticker timer vibrate each second?

 (b) What is the time interval between consecutive dots on a ticker tape?
5. Describe how a fixed speed camera determines the speed of a vehicle on a multi-lane road.

Using data
6. Calculate the average speed of each of the following:

(a) a racehorse that wins the 3200 m Melbourne Cup in a time of 3 min 20 s (in m/s)
(b) a kangaroo fleeing from a dingo that bounds a distance of 2.5 km in 3 min (in m/s)
(c) a dolphin that just manages to keep up with a speeding boat for a distance of 2 km for a period of 3 min 

(in km/h)
(d) a sea turtle that is able to maintain its maximum speed for 0.5 h, swimming a distance of 16 km  

(in km/h).
7. Calculate how long it would take you to walk from Melbourne to Sydney, a distance of 900 km, if you 

walked at an average speed of:
(a) 5 km/h without stopping
(b) 5 km/h for 10 h each day.

8. Calculate how far a snail can crawl if it moves at an average speed of 8.0 cm/min for:
(a) 3 min
(b) 3 h.

9. In a heat of a swimming trial an athlete swims the 100 m breaststroke event in 68 s. The event is 
completed in a pool that is 50 m long. She finishes the event at the same end of the pool from which  
she started. If she begins the event by swimming due north, and takes 35 s to swim the first 50 m, 
calculate her:
(a) average speed for the whole swim
(b) average velocity for the first 50 m
(c) average velocity for the whole swim.

10. Calculate the average speed during the second and third 0.1 s intervals shown in the diagram Each marked 
internal represents a time of 0.1 s.

Think
11. Is it more important for a police officer’s radar gun to measure average or instantaneous speed? Justify 

your answer.
12. If the dots are spaced equally on a ticker tape, explain what it suggests about an object’s motion.
13. Draw a ticker timer tape that shows an object moving at a decreasing speed.
14. Draw a ticker timer chart that shows an object moving at an increasing speed.

Create
15. Use secondary sources to identify the top speed of a range of native and non-native animals. Construct a 

column graph to compare the speeds of these animals.

Investigate
16. Use a data logger with a motion detector or light gates to record the motion of a toy car. Use the 

software to produce graphs of distance versus time and speed versus time. Interpret the shape of your 
graphs.
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9.4 Speed up, slow down
When a car is stopped at traffic lights and the light turns green, the driver presses the accelerator pedal, 
causing the car to start moving and then continue to go faster.

Acceleration is a measure of the rate at which an object’s velocity changes. You may recall that velocity 
includes a direction as well as the speed so the definition of acceleration can be given as the rate of change 
of speed or direction.

The bigger the acceleration, the faster that the speed or direction of an object increases.
Consider the two cars A and B, moving off after pausing at a stop sign.

We can see that the speed of car A is increasing by 1 m/s each second that it is accelerating. We say, 
then, that car A is accelerating at a rate of 1 m/s per second. In physics this unit is abbreviated to m/s2.  
Car B, on the other hand, is accelerating at 2 m/s2, so it is accelerating faster than car A. Of course, in real 
life, cars don’t accelerate at a constant rate like the cars in our table, so we use average acceleration to 
describe its increase in velocity. The average acceleration of an object travelling in a straight line can be 
calculated by dividing the change in velocity by the time taken for the change.

We can write this in the form of an equation:

Average  acceleration =
final  velocity − initial  velocity

time  taken
.

For an object travelling in a straight line, the direction is not changing so the equation can be simpli-
fied to:

Average  acceleration =
change  in  speed

time  taken
.

If the speed is increasing, the acceleration is positive. If the speed is decreasing, the acceleration is neg-
ative and is called deceleration.

9.4.1 Fast starters
The sport of drag racing is a test of acceleration. From a ‘standing start’, cars need to cover a distance of 
400 metres in the fastest possible time. To do this, they need to reach high speeds very quickly. The fastest 
drag racing cars can reach speeds of more than 500 km/h (139 m/s) in less than 5 seconds.

The average acceleration of a drag racing car that reaches a speed of 140 m/s (about 504 km/h) in  
4.8 seconds is:

Time (s) Speed of car A (m/s) Speed of car B (m/s)

0 0 0

1 1 2

2 2 4

3 3 6

4 4 8

5 5 10
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a =
change in speed

time  taken

= (140 − 0)
4.8

= 29.2  m/s2.

9.4.2 Slowing down
Once the drag racing car has completed the 
required distance of 400 metres, it needs to stop 
before it reaches the end of the track. The fastest 
cars release parachutes so that they can stop faster. 
The acceleration of a car that comes to rest in 5.4 
seconds from a speed of 140 m/s is:

a = (0 − 140)
5.4

= −25.9 m/s2.

As this is a negative acceleration, we say that 
the drag car is decelerating at 25.9 m/s2.

Turning corners
If you turn a corner while driving and manage to do so travelling at a constant speed of say 40 km/h, 
are you accelerating? You would think not because your speed is constant, but remember, acceleration is 
defined as a change in speed or direction. So, if your direction is changing you are accelerating, even if 
your speed remains the same.

INVESTIGATION 9.4

Drag strips
AIM: To investigate acceleration using a ticker timer

You will need:
ticker timer
power supply
ticker tape (in 50 cm lengths)
toy car (or dynamics trolley)
sticky tape or masking tape
clear length of bench at least 50 cm long
• Connect the ticker timer to the AC terminals of the power supply and set the voltage as instructed by your teacher.
• Thread one end of the ticker tape through the ticker timer so that it goes under the carbon paper disc.
• Attach the end of the ticker tape to the toy car or trolley.
• Clamp the ticker timer firmly to the edge of a table or bench so that approximately 50 cm of ticker tape can 

be pulled through it.
• Turn on the power supply and check that the ticker timer leaves a black mark on the ticker tape.
• Model a drag racing car by pushing the toy car or trolley forward, starting from rest, so that it reaches a 

maximum speed near the halfway mark. Make it come to a gradual stop near the end of the ‘track’.
• Remove the ticker tape and mark off the first clear dot and every fifth dot after the first. Each interval between 

the marks represents a time of 
5
50

 of a second, that is, 0.1 seconds. Measure the distance travelled during 

each 0.1 second interval and write it on your tape. Label the intervals as interval 1, interval 2, interval 3 etc.

• Construct a table like the one below in which to record your data. Calculate the average speed during each 
interval and record it in the table.

• Now cut your ticker tape into 0.1 second intervals and use the strips as described on Using ticker tape to plot 
a graph. to construct a graph of speed versus time.
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Discussion
1. Describe the motion of the toy car or trolley during the period over which it was recorded. Ensure that the 

words ‘speed’, ‘accelerated’ and ‘decelerated’ are used in your description.
2. Between which intervals was the acceleration:

(a) positive
(b) negative?

3. During which interval did the greatest average speed occur?
4. When did the greatest positive acceleration take place? 

Interval Distance travelled (cm) Average speed (cm/s)

Example 3.6 3.6 cm
0.1 s
= 36

1

2

3

9.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Explain why the accelerator pedal in a car is called by this name.
2. Distinguish between acceleration and deceleration.
3. While on a roller-coaster, you turn a loop at a constant 20 km/h. Are you accelerating? Explain.

Think
4. A car that has stopped at a set of traffic lights ‘takes off’ when the lights turn green. It increases its speed by 

5 m/s during each of the first 3 s after it takes off, and by 3 m/s during the following 2 s.
(a) Calculate the speed of the car after:

(i) 1 s
(ii) 2 s
(iii) 5 s.

(b) Calculate the average acceleration of the car during the first 5 s after it takes off.

Using data
5. The ‘Drag strips’ experiment in Investigation 9.4 was repeated 

using data-logging equipment and a motion detector, and a graph 
of speed versus time was produced as shown at right. The red line 
indicates the part of the graph where the car was speeding up; the 
blue line indicates where the car was slowing down again. Use the 
graph to answer the following.
(a) Identify the maximum speed of the car.
(b) Identify at what time the maximum speed was reached.
(c) Describe in what way(s) your graph would be different if the car 

sped up more quickly, yet reached the same maximum speed.
(d) Calculate the average acceleration of the toy car in the graph 

while it was speeding up.

0

0.2S
p
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d

 (m
/s

)

0.4

0.6

0.8

1 2
Time (s)

Drag strip speeds
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9.5 Inertia — Newton’s first law
9.5.1 Forces and motion
The motion of a vehicle can be described using concepts like speed and acceleration, but explaining why a 
vehicle travels at a constant speed or in fact accelerates requires an examination of the forces acting on that 
vehicle. Explaining motion in terms of the forces acting originated in the early 1600s through the work of 
the Italian physicist, Galileo Galilei. Prior to that it was believed that objects moved because of a property 
early scientists called impetus. Their theory was that when you applied a force to the object, you transferred 
impetus to it, which caused it to move. However, as the object moved, it used up the impetus and when the 
impetus ran out, it stopped.

Galileo’s ideas on motion
Galileo was not convinced about the impetus model of motion, and set about examining the nature of 
forces and motion through a long series of experiments.

One of his famous experiments was to roll a cannonball down a smooth ramp and then up a second ramp. 
He noticed that the cannonball rolled back up to the same height from which it had been released. When 
he lowered one side of the 
ramp a little, he found that 
the ball rolled on further 
until it once again reached 
the original height. He then 
imagined that if the far 
side was kept flat so that it 
never rose up to the original 
height, then the ball would 
roll on and on forever, trying 
to reach its starting height.

Newton’s laws of motion
The idea that objects would continue to move in a straight line unless acted upon by a force originated with 
Galileo, but Sir Isaac Newton linked this idea to a bigger picture of motion that is described by three laws. 
These are known as Newton’s laws of motion.

Like Galileo, Newton realised that any change to the motion of an object was caused by the combined 
effect of the forces that acted on that object. When the forces acting on the object balanced out, there would 
be no change to the object’s motion. If the forces acting on the object were not balanced, then the motion 
of the object would change — it may accelerate, decelerate or change direction.

Let’s examine the typical forces acting on a moving bus as shown in the picture on next page. When 
the thrust acting on the bus is greater than the resistance forces acting on it, the bus accelerates and, when 
the resistance forces are greater than the thrust, the bus decelerates. If the thrust and the resistance forces 
are equal in size the bus maintains its state of motion — either remaining at rest or continuing to move at 
its current speed.

 Complete this digital doc: Worksheet 9.2: Acceleration (doc-0000)

RESOURCES — ONLINE ONLY

Rolls to same height

Rolls

Galileo’s cannonball experiment
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9.5.2 Inertia
Think back to a bus ride you have taken where you were a standing passenger. Can you recall an instance 
in which the bus stopped suddenly and you were thrown forwards, or perhaps as the bus turned a corner 
you had to quickly grab a hand rail because your body was pulled sideways?

What you experienced is explained by Newton’s First Law of Motion, often called the law of inertia. 
Newton’s First Law of Motion can be stated as:

An object will remain at rest, or will not change its speed or direction, unless it is acted upon by an 
unbalanced force.

In each of the cases just mentioned, an unbalanced force is acting on the bus to change its speed or 
direction. For example, when the bus driver applied the brakes, the braking force exceeded the thrust force 

Resistance forces Thrust

Upward push
of road

Weight

Thrust: the force applied to the driving wheels of 
the bus by the road. The driving wheels are the 
wheels (usually either the front or the rear wheels) 
that are turned by the motor. All four wheels can be 
turned by the motor of four-wheel-drive vehicles. 
The motor turns the wheels so that they push back 
on the road. As a result, the road pushes forward on 
the wheels. 

Upward push of road: on a horizontal 
road this force is equal in size to the 
weight. If the weight and upward push of 
the road were not in balance, this bus 
would accelerate downwards through the 
road or upwards into the air.

Weight: the force applied to the bus by 
the Earth due to gravitational attraction. At 
the Earth’s surface, this force is 9.8 
newtons for each kilogram of mass.

Resistance forces: the forces that push against
the direction of movement, including air
resistance and the force of friction acting on the wheels. 
Friction is the force resulting from the movement of one surface 
over another. It is very much greater when the brakes are 
applied. When the bus is moving at a constant speed on a 
straight road, the thrust and resistance forces are in balance.

The forces acting on a moving bus. The forces are in balance when the bus is not changing speed or direction.

INVESTIGATION 9.5

Forces on cars
AIM: To account for the motion of a toy car in terms of the forces acting

You will need:
toy car
• Rest a toy car on a smooth, level surface.
• Push the car quickly forwards and then let it go.

Discussion
1. What forces are acting on the car while it is at rest?
2. How do you know that there is more than one force acting on the car while it is at rest?
3. Are the forces on the car in balance after you stop pushing? How do you know?
4. Which force or forces cause the car to slow down after you stop pushing it forwards?
5. How would the car’s motion be different if you pushed it forwards and let it go on:

(a) a much smoother surface
(b) a rough surface?
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from the driving wheels and so the bus quickly 
slowed. However, this unbalanced force did 
not act directly on you, the passenger and so 
even after braking you continue moving for-
ward at the same speed and direction until you 
apply a force to stop your motion, for example 
by grabbing onto a hand rail. 

 This tendency of an object to resist changes to 
its motion is called inertia. Generally, the heavier 
the object is, the greater its inertia and the harder 
it is to change its current motion. For example, 
it takes a much larger braking force to slow the 
motion of a freight train than it does to slow the 
motion of a bicycle.  

 Have you ever seen a magician whip away 
a tablecloth from a table, leaving the plates 
and cutlery on it completely undisturbed? Well 
that’s due to inertia as well! There is a small 
amount of frictional force acting between the 
crockery and the tablecloth. If the tablecloth is 
pulled very quickly, the frictional force does 
not act for long enough to make the crockery 
move along with the tablecloth, and the inertia 
of the crockery keeps it in place on the table. 
The tablecloth, being very light, has very little 
inertia and is easily moved quickly by the 
magician.      

  Passengers are thrown forwards when a bus stops 
suddenly because of their inertia. 

  Don’t try this at home! 

 INVESTIGATION 9.6 

 Looking at inertia 
  AIM:  To investigate the property of inertia in two small masses 

  You will need:   
 5 cent and 20 cent coins   
 sheet of A4 paper   
•   Place a sheet of A4 paper at the end of a smooth table so that one end of the paper overhangs the end of the 

table by a few centimetres. Place a 20 cent (or heavier) coin in the centre of the sheet of paper.  
•   Pull the paper from underneath the coin very quickly. (You may need to do this a few times so that you can be 

sure you are pulling it fast enough.) Observe what happens to the coin. Now pull out the paper more slowly 
and, again, observe what happens to the coin.  

•   Repeat the experiment steps detailed above, only this time use a 5 cent coin.   

 Discussion  
1.   What happens to the coin when the paper is pulled out quickly?  
2.   Are the forces acting on the paper balanced? Explain your answer.  
3.   Explain why the coin behaves in the way it does.  
4.   How is the behaviour of the coin different if the paper is pulled out more slowly? Suggest a reason for the 

change in behaviour.  
5.   Is it easier or more diffi cult to pull the paper out from beneath the lighter coin? Suggest a reason for your 

answer.   
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INVESTIGATION 9.7

Snap!
AIM: To investigate the effect of inertia on the breaking force in a string

You will need:
retort stand with bosshead and clamp
3 cotton threads (each approx. 30 cm long)
1 kg mass, with a hook on the top and bottom
50 g mass
• Arrange the equipment as illustrated at right.
• Predict which length of cotton will snap. Will it be the upper or the lower?
• Taking extreme care to protect your fingers, hold the bottom length of 

cotton and gently pull.
• Replace the broken length of cotton.
• Repeat the experiment, but this time pull very rapidly on the lower length 

of cotton. The quicker you pull the better.
• Record your observations in your notebook.
• Repeat the experiment using a 50 g mass.

Discussion
1. How does the inertia of the 1 kg mass affect your results?
2. Why does the size of the acceleration that you are trying to give to the 

mass affect your results?
3. Predict your results if you use a 50 g mass instead of a 1 kg mass.
4. How do your results for the 50 g mass compare with:

(a) your prediction
(b) the results for the 1 kg mass?

Retort
stand,
bosshead
and
clamp

1 kg mass

Cotton

9.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify two forces that resist the forward motion of a bus.
2. State Newton’s First Law of Motion.
3. Give two different examples of Newtons First Law of Motion.

Think
4. Describe the main differences between Galileo’s ideas of motion and the impetus theory.
5. Identify which is greater — the thrust or the resistance forces — when a bus is moving along a horizontal road with:

(a) increasing speed
(b) decreasing speed
(c) constant speed.

6. Explain in terms of Newton’s first law why you should never step off of a bus or train before it has completely 
stopped.

7. When a car accelerates away from a green light, passengers are forced back into the seat. Using Newton’s 
first law, explain why this happens.

8. Can you remember some rough bus trips you have had? What would be your immediate resulting motion as 
a passenger on the bus without a seatbelt if the bus performed the following manoeuvres:
(a) a very quick start from rest?
(b) a forward motion at constant speed?
(c) a very sharp right-hand turn?
(d) an emergency stop from a speed of 60 km/h?

9. Use the Roller-coaster weblink in the Resources tab and your knowledge about forces and motion to build 
a roller-coaster that is both safe and fun.
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9.6 Acceleration and Newton’s second law
As we have seen, the speed or direction of an object changes when the forces acting on it are unbalanced. 
An unbalanced force is called a net force and a net force results in an object accelerating.

For example, in the diagram at right two boys are pulling on a box. For the moment, we’ll ignore fric-
tion, weight and the upward push of the ground and just look 
at the forces with which the boys are pulling on the ropes. 
If one boy pulls the box to the right with a force of 100 N, 
while the other pulls to the left with 60 N, we can say that 
the net force acting on the box is 40 N to the right. The box 
will start to move to the right — in other words, it will accel-
erate from rest because of the unbalanced forces.

But how fast the box accelerates depends 
upon the mass of the box. Obviously, given 
a constant force, a bigger mass will mean 
a smaller acceleration because it has more 
inertia.

In the World’s Strongest Man Super Series, 
one of the events requires the competitors 
to move a very heavy object. For example, 
they could be asked to tow a truck, a train or 
even an aircraft from a standing start. If the 
competitors are to accelerate the truck from 
rest, they will need to exert a large force. The 
greater the force that the strongman applies to 
the truck, the more the truck will accelerate.

This is the essence of Newton’s Second 
Law of Motion:

The size of an object’s acceleration depends 
directly on the size of the net force acting on 
it and is inversely proportional to its mass.

This is represented by the formula:

acceleration = net  force
mass

or, more commonly,
net force = mass × acceleration

and abbreviated to
F = ma.

When using Newton’s second law, the units for force are newtons (N), mass is in kilograms and accel-
eration is in m/s2.

 Explore more with this weblink: Roller-coaster 

RESOURCES — ONLINE ONLY

60 N
100 N

40 N = net force

An event in the World’s Strongest Man Super Series
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 9.6.1 Newton’s second law in action 
 The launching of the space shuttle at Cape Canaveral in 
Florida is a spectacular sight. At launch, the space shuttle 
has a mass of about 2.2 million kilograms. (About 86 per 
cent of this mass is fuel, most of which is burnt during the 
launch.) There are two forces acting on the space shuttle as 
it blasts off:  
 •   the downward pull of gravity (weight). The weight of the 

space shuttle at blast-off is about 22 million newtons.  
 •   the upward thrust resulting from the burning of fuel, 

which is about 29 million newtons.   
 The forces acting on the space shuttle at launch are not 

balanced. The net force on the space shuttle is 7 million 
newtons upwards. Newton’s second law can be used to esti-
mate the acceleration of the space shuttle at blast-off:   

a = F
m

=
7 000 000  N  upwards

2 200 000  kg
= 3.2  m/s2.

 In other words, the 
space shuttle is gaining 
speed at the rate of only 
3.2 m/s (or 11.5 km/h) 
each second. No wonder 
the blast-off seems to 
take forever! 

 Newton’s second law also explains why the small acceleration at blast-off is not a problem. As the fuel 
is rapidly burnt, the mass of the space shuttle gets smaller. As this happens, the acceleration gradually 
increases, and the space shuttle gains speed more quickly. Remember that for a given net force, the less the 
mass, the greater the acceleration.      

F thrust = 29 million newtons

Fweight

  The space shuttle is launched by powerful 
rockets — yet it seems to take forever to 
get off the ground. Newton’s second law 
provides an explanation. 

Fweight

Fthrust

Net force = 7 million newtons

  Calculating the net force on 
a space shuttle 

 INVESTIGATION 9.8 

 Force, mass and acceleration 
  AIM:  To investigate how the mass of an object affects its acceleration 

  You will need:   
 a dynamics trolley   
 four 500 g masses   
 a stopwatch   
 metre ruler   
 string   
 a 1 kg mass   
 masking tape   
 pulley clamp   
•   Draw a data table in your notebook similar to the one shown on next page.  
•   On your bench top, use the masking tape and the metre ruler to mark out the starting line and fi nishing line 

for a 1 m long course for your dynamics trolley.  
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• Set up the equipment as shown at right. 
Place the trolley at the starting line.

• Start the stopwatch at the same moment the 
1 kg mass is dropped, and time how long 
the unladen trolley takes to cross the finish 
line. Enter the time in the data table. Repeat 
this step twice more and then determine the 
average race time.

• Place a 500 g mass on the trolley and repeat 
the previous step.

• Repeat the experiment with increasing 
masses of 1000 g, 1500 g and 2000 g.

Discussion
1. Which of the trolleys had the fastest race 

time? How can you tell if it had the fastest 
acceleration?

2. The equation d = 1
2

 at2 allows you to 

calculate the size of the acceleration that 
was acting on the trolley each time, where  
d = distance, and t is the average race 
time to cover the distance. As d = 1 m, this 

equation simplifies so that we get: a = 2

t2
.  

Use this equation and the average race 
times in the table to determine the  average 
acceleration of the trolley for each mass load.

3. The weight of the 1 kg mass provided the 
force to move the trolley. Calculate the size of this force.

4. Was the weight of the 1 kg mass the only force acting on the trolley? What other forces can you identify that 
would have affected the trolley’s acceleration?

5. Were the forces acting on the trolley each time balanced or unbalanced? How can you tell?
6. Give a general statement about the relationship between the mass of the trolley and its acceleration from a 

constant force.

Trolley

Start Finish

1 m

1 kg mass

Pulley
clamp

String tied to a dynamics trolley and connected to a 
suspended weight via a pulley clamp

Mass on the 
trolley (g)

Time (s)

Trial 1 Trial 2 Trial 3 Average

0

500

1000

1500

2000

9.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Express Newton’s second law in symbols. Explain what each symbol represents and state the units that 

each is measured in.
2. Explain in terms of Newton’s second law why the acceleration of the space shuttle gradually increases as  

it rises.

Think
3. Two identical toy carts A and B, each having a mass of 1.0 kg, are pushed across a smooth, level table top 

with the same force. One of the carts contains a heavy brick. Cart A accelerates more rapidly than cart B.
(a) Identify which cart contains the brick. Explain how you know this.
(b) If the acceleration of cart A is 2.0 m/s2, calculate the total force acting on each cart.
(c) If the acceleration of cart B is 0.5 m/s2, what is the mass of the brick?

4. Calculate the total force that would cause a 1.5 kg salad bowl to accelerate across a table at 0.30 m/s2.
5. A 10 kg sled is pulled across the snow with a force of 40 N giving it an acceleration of 3.0 m/s2. Calculate 

the friction force on the sled.
6. Rearrange the equation F = ma so that the subject of the equation is now m.
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364 Jacaranda Core Science Stage 5

  9.7  Forces in pairs — Newton’s third law 
 When you blow up a balloon and then let it go, you would have noticed that the escaping air goes in one 
direction while the balloon itself goes the other. This is an example of Newton’s Third Law of Motion 
which is often expressed as ‘for every action there is an equal and opposite reaction’. But what does this 
mean? Newton’s third law explains how forces occur in pairs and these forces are equal in magnitude and 
opposite in direction. 

 With this in mind, Newton’s third law can be stated more explicitly as follows: 

 If object A applies a force on object B, object B will apply an equal force back on object A. 

 These forces are exerted while the two objects are in contact. For example, when the head of a tennis 
racquet strikes a ball, the racquet exerts a force on the ball and, at the same time, the ball exerts a force of 
the same size back on the racquet. You can feel the strain on your muscles due to the reaction force as you 
strike the ball.  

 Whether you are getting around on the ground, in the air or even in outer space, force pairs are acting to 
move objects around.  
 •   When an athlete pushes back on a starting block, the starting block pushes the athlete forwards.  
 •   The forward push on the driving wheels of a car from the road occurs only because the wheels push back 

on the road as they are forced to turn and grip the road.  
 •   When you swim through the water, you push back on the water with your arms and legs causing the 

water to push you forward.    

    Complete this digital doc:   Worksheet 9.3: Newton’s Second Law      (doc-0000)     

  RESOURCES — ONLINE ONLY  

  Hitting a tennis ball demonstrates 
Newton’s third law. Action–reaction 
forces cause both the racquet and ball 
to be compressed. 

  In order to accelerate forward quickly, 
the athletes need to push back. 
Why? 
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9.7.1 Up and away
The force that pushes a jet aeroplane forward is 
provided by the exhaust gases that stream from its 
engines. As the jet engines push the exhaust gases 
backwards, the gases push forwards on the plane 
with an equal and opposite force. This forward push 
is called the thrust. In order to equal or exceed the 
resistance to the jet’s motion, the thrust needs to be 
very large. The photograph at right shows the huge 
blades inside a jet engine. The blades compress the 
air flowing into the engine and push it into the com-
bustion chamber behind the blades. In the combustion 
chamber, fuel is added and burns rapidly with the 
compressed air. The exhaust gases are forced out of 
the engine at very high speed.

9.7.2 Blast off
The rockets used to launch spacecraft also provide a thrust force resulting from an action–reaction force 
pair. Like jet engines, they push exhaust gases rapidly out behind them. As the rocket pushes the gases out, 
the gases push back, providing a thrust force on the rocket.

Unlike jet engines, rockets used to launch spacecraft do not use air to burn fuel. They carry their own 
supply of oxygen so that the fuel can burn quickly enough to lift huge loads into space. The oxygen is usu-
ally carried as a liquid or a solid. Once spacecraft are in orbit, smaller rockets can be used to make the craft 
speed up, slow down or change direction.

The huge blades of a jet engine suck in and 
compress air so that the fuel inside burns rapidly. 
Exhaust gases are then forced out at high speed.

HOW ABOUT THAT!
Rockets, believed to have been invented by the Chinese, have been used as weapons since  
the thirteenth century.

INVESTIGATION 9.9

A balloon rocket
AIM: To design a balloon rocket that will travel the maximum distance

You will need:
balloon
a length of string that will span the classroom
drinking straw
scissors
sticky tape
tape measure
• Tie the end of the string to a structure at the far end of the classroom. This will serve as a guide rope.
• In groups, design a balloon rocket that when inflated will travel the greatest possible distance along the guide rope.
• Inflate a balloon and hold the opening closed.
• Sticky tape a section of the drinking straw to the inflated balloon — this will be fed through the start of the 

guide rope.
• Take turns releasing the balloon and observe its motion through the room.
• Use the tape measure to record the distance travelled by each group’s balloon rocket and record the results 

on the board.
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366 Jacaranda Core Science Stage 5

    Discussion  
1.   Explain what happens to the air inside the 

balloon when you release the balloon.  
2.   Which way does the balloon move as the 

balloon is released?  
3.   What provides the force that pushes the balloon 

through the air?  
4.   Explain why it is essential to tape the section 

of drinking straw to the balloon and to feed it 
through the string.  

5.   Suggest how your balloon rocket could be improved.  
6.   Compare the way that the balloon is propelled and the way that a jet engine works. How is it similar? How is 

it different?   

Sticky tape
String

Balloon
Air

Drinking straw

 INVESTIGATION 9.10 

 Stop pushing! 
  AIM:  To investigate the acceleration of two objects involved in an action–reaction pair 

  You will need:   
 2 people of about the same mass   
 2 chairs with wheels   
 strong rope (approx. 2–3 m long)   
 long broom handle   
•   Give each of the seated people one end of the rope.  
•   This experiment will only work if the pushes and pulls are performed 

gently and smoothly.  
•   Have the two people each take it in turns to pull gently on the rope.  
•   Record your observations.  
•   Repeat the experiment, but now have both people pull gently at the 

same time.  
•   Repeat the experiment, but this time push gently on the broom 

handle instead of pulling on the rope.  
•   Record any differences to the previous situation.  
•   Replace one of the people with someone who is signifi cantly 

different in weight.  
•   Repeat the steps.   

    Discussion  
1.   Did changing who was pulling have any effect on what happened?  
2.   How do the masses of the people affect their respective accelerations?  
3.   How do the forces on each person compare? ( Hint : Think of Newton’s third law.)  
4.   Use Newton’s second law to explain why the same force can produce different accelerations.  
5.   Draw a diagram showing the action and reaction forces that acted on the two people. Don’t forget to include 

the action/reaction forces involving the force of gravity and the chair.   

 9.7 Exercise: Remember And Think 
 To answer questions online and to receive  immediate feedback and sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.    Recall  Newton’s Third Law of Motion.  
2.   Give three examples of force pairs. Be sure to state what each force is acting on.   
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9.8 Making cars safer
In 1970, there were about 6 million vehicles being driven on Australia’s roads. During that year 3798 
people lost their lives in road accidents. Now there are about 14 million vehicles on Australia’s roads. Yet 
the number of lives lost each year in road accidents now averages about 1400.

One of the key reasons for the reduction in the road toll is that the cars 
we drive today are safer than ever before. Cars are designed by engineers 
who use scientific principles and experimental testing to make cars more 
efficient and, most importantly, safer.

9.8.1 Crash tests
Safety features such as seatbelts, collapsible steering wheels, padded dash-
boards, head restraints, airbags and crumple zones have to be tested by 
engineers before being introduced. The testing continues after introduction 
as car manufacturers strive to make each new model even safer.

Testing of safety features involves deliberately crashing cars with ‘crash 
test dummies’ as occupants. The dummies are constructed to resemble the 
human body and numerous sensors are used to detect and measure the 
effects of a collision.

Before real crash testing takes place, engineers use computer modelling 
to simulate crashes with ‘virtual’ cars.

9.8.2 Inertia and car design
Most deaths and serious injuries in road accidents are caused when the occupants collide with the interior 
of the vehicle or are ‘thrown’ from the vehicle. In a head-on collision the vehicle stops suddenly. However, 

Crash test dummies 
are used to model the 
effects of collisions on 
the human body.

 Try out this interactivity: Time Out ‘Newton’s Laws’ (int-0055)

 Explore more with this weblink: Newton’s Laws

 Complete this digital doc: Worksheet 9.4: Newton’s Third Law (doc-0000)

RESOURCES — ONLINE ONLY

Think
3. When you walk forwards, identify what force provides the forward push.
4. Describe in what way rockets are similar to jet engines. In what way are they different?
5. When Dina turned on the water to her hose without holding onto the end of it, the water rushed out of the hose 

nozzle and the hose itself started to snake around the yard. Explain why the hose moved around like this.
6. Every time Dylan takes his dog Frisbee for a walk, the dog always pulls hard on the leash. This nearly pulls 

Dylan’s arm out of its socket and Frisbee almost chokes himself! Explain these effects in terms of Newton’s 
third law.

7. How do cricketers reduce the impact of the force on their hand when they catch a fast moving cricket ball?

Investigate
8. Investigate how a hovercraft works. What force pairs are involved in its operation?
9. Test your ability to identify Newton’s Laws in action by completing the Time Out ‘Newton’s Laws’ 

interactivity in the Resources tab. 
10. Use the Newton’s Laws weblink in the Resources tab to watch interactive animations describing Newton’s 

laws of motion. Then test yourself by taking the quiz.
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unrestrained occupants continue to 
move at the pre-collision velocity 
of the vehicle until they collide 
with the steering wheel, dashboard 
or windscreen. Seatbelts provide a 
restraining force on the occupants 
so that they don’t continue moving 
forwards and potentially injuring 
themselves. Front airbags reduce 
injuries caused by collisions 
between the upper body (which 
is still moving) and the steering 
wheel, dashboard or windscreen.

Side airbags are standard safety 
features in most cars today. They 
protect occupants in the event of a 
side-on collision. The more recent 
airbag technology measures the 
size of the impact and delays infla-
tion until just the right moment. 
These improvements are the direct 
result of computer modelling and 
crash testing.

Head restraints on seats reduce 
neck and spinal injuries, especially in 
a vehicle that is struck from behind 
by another vehicle. An impact from 
the rear pushes a vehicle forwards 
suddenly. Your body is pushed 
forwards by your seat. However, 
without a head restraint, your head 
remains where it was. The sudden 
strain on your neck can cause serious 
spinal injuries. Neck injuries caused 
this way are often referred to as 
whiplash injuries. Some new cars 
have head restraints that automati-
cally move forward and up when a 
collision occurs.

9.8.3 The zone defence
The occupants of a car sit in a very strong and rigid ‘protection zone’ designed to prevent outside objects 
(including the car’s engine, other cars and tree trunks) from entering the passenger compartment and 
causing injuries during a collision. The roof panel is supported by strong columns to make it less likely to 
be crushed.

The rigid passenger compartment is flanked by crumple zones at the front and rear of the vehicle. These 
zones are deliberately designed to crumple, absorbing and spreading much of the energy transferred to the 
vehicle during a collision. As a result, less energy is transferred to the compartment carrying the occupants, 
reducing the chance of injuries. The crumple zone also allows the vehicle to stop more gradually. Without 

Computer modelling allows engineers to study the forces acting on 
virtual crash test dummies to assess trauma in crash test situations. 
Modelling allows engineers to study the effects of slight changes to a 
multitude of variables such as seatbelt position, airbag size etc. in an 
effort to design the best possible safety features.

Head remains at rest.
Car and seat
pushed forward

A stationary car is struck from behind by another vehicle. Without a 
head restraint, your head remains at rest and is pulled forwards by your 
neck as the car jerks forward, causing injury.
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a crumple zone, the vehicle would stop more suddenly and perhaps even rebound. As a result, occupants 
would make contact with the interior at a greater speed, and there would be a greater chance of serious 
injury or death.    

    9.8.4 How an airbag works  
 •   The airbag is made of a thin, nylon fabric, which is folded into the steering wheel, dashboard or doors.  
 •   As illustrated on above right, when a crash is sensed, the control unit sends an electrical signal to the 

infl ator. A chemical reaction is initiated by the igniter, generating primarily nitrogen gas to fi ll the airbag, 
causing it to deploy.  

 •   Airbags must infl ate rapidly to decrease the risk of occupant injuries. From the beginning of the crash, 
the entire deployment process is about 50 milliseconds.    

  The rigid roof panel and strong pillars that 
support it are part of the ‘protection zone’. 

  The passenger compartment being tested. 
The front crumple zone absorbs and spreads 
energy. It also allows the car to stop more 
gradually. 

 9.8 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback and sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1. Identify  six safety features that are designed to make cars safer in the event of a collision.  
2. Outline  how engineers test vehicle safety features to make sure that they do what they are designed to do.  
3. Describe  what happens to the motion of an unrestrained occupant when a car suddenly stops because it 

has collided head-on with another car or object.  
4. Explain  how each of the following features protects occupants during a collision.  

(a)   Seatbelts  
(b)   Airbags  
(c)   Head restraints    

Steering 
wheel

Airbag

Crash 
detector

Infl ated airbag

  Car safety features employed in a frontal 
collision 

Steering 
column 
collapsesCrumple 

zone

Engine 
pushed 
under 
vehicle Padded dashboard 

Airbag Passenger 
compartment 
remains intact
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9.9 Project: Rock’n’roller-coaster
9.9.1 Scenario
Many psychologists think that the reason roller-coasters are so popular is tied up with the ‘rush’ that fol-
lows stimulation of the fear response. When exposed to the combination of speed, noise, high hills, twists, 
loops and steep descents of the ride, our brains tell us that there is some element of threat or danger. This 
triggers our ‘fight or flight’ instinct, sending adrenaline coursing through our bodies in a way which many 
people find very stimulating. Of course, some of us just throw up rather than finding it fun!

Thrill-ride engineers say that the aim of a good ride is to provide a simulation of danger without actu-
ally putting people at risk. By manipulating the characteristics of gravity, periodic motion and speed, these 
engineers use physics to trick the body into thinking that it is in a lot more trouble than it really is. But the 
line between a ride that thrills and a ride that kills is a very narrow one, and the structural and mechanical 
engineers who design and build these rides must test their designs rigorously by using computer models 

5. Recall what crumple zones are and describe how they protect the occupants of a vehicle during a collision.
6. Explain why it is important that there is a strong and rigid zone between the two crumple zones of a car.

Think
7. The safety features described in this section are designed to reduce the chances of serious injury or death 

when a collision takes place. Scientists and engineers have designed many other safety features in cars and 
other vehicles that reduce the chances of a collision actually taking place. Work in a group to brainstorm 
these features and complete a table like the one that follows.

Some examples are included to help you get started.

Investigate
8. Use secondary sources to investigate the following:

(a) How anti-lock brake systems (ABS) make braking in an emergency situation safer
(b) The benefits of electronic stability control (ESC).

9. Design a car with state-of-the-art safety features. Create a poster or multimedia presentation to present 
your car design and to showcase the safety features, explaining how they improve passenger safety with 
reference to Newton’s laws of motion. The purpose of your poster/presentation is to convince safety 
minded consumers to purchase your car, so referring to scientific principles will add credibility to your 
sales pitch.
 Use the Crash test weblink in the Resources tab to watch video clips of actual car safety crash tests.

Feature How the feature works

Tyre tread Increases friction and makes steering and braking more reliable, especially 
in wet weather. The tread even pushes water out from beneath the tyre 
when the road is wet.

Windscreen wipers Keeps the windscreen clear to ensure good visibility for the driver.

Speed alarm The driver selects a maximum speed. If that speed is exceeded an alarm 
sounds, warning the driver to slow down.

Safety features designed to prevent collisions

 Explore more with this weblink: Crash test

 RESOURCES — ONLINE ONLY
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or even physical models before the first steel rail leaves the factory! So how would you, as a team of roll-
er-coaster engineers working at the new theme park Chunderworld, design a roller-coaster that was high on 
the thrill but zilch on the kill?

9.9.2 Your task
 • You will use your knowledge of physics and forces to design and build a model roller-coaster that has 

a set length and includes a minimum number of loops, hills and turns. Your design will also include a 
roller-coaster car that will travel along the length of the track. In order for the design to be considered 
successfully tested, your car must be able to travel the length of the track and then be brought to rest 
within the last 50 cm without derailing.

 • You will draw a plan or diagram of your roller-coaster identifying the positions and types of components 
used — hill, turn, twist or loop — and the points at which the car has the highest and lowest values of 
kinetic energy and gravitational potential energy.

 • Finally, you will set up a blog which includes:
(a) a summary of how the kinetic energy and gravitational potential energy values change over the 

course length
(b) a log describing the development, building and testing of your roller-coaster and its different 

sections, including the method used to bring the car to a safe stop at the end
(c) your drawing/plan of your completed roller-coaster
(d) video footage of your roller-coaster in action from start to finish.

9.9.3 Process
 • Open the ProjectsPLUS application for this chapter located in the Resources tab. Watch the introductory 

video lesson and then click the ‘Start Project’ button to set-up your project group. You can complete this 
project individually or invite other members of your class to form a group. Save your settings and the 
project will be launched.

 • Navigate to your Research Forum. Here you will find a number of headings for suggested research topics 
that may help you with your design. If you wish, you may add other research topics that you find neces-
sary to successfully complete your project.

 • Start your research. Make notes of information you discover that will assist you in your design. Enter 
your findings as articles under your topic headings in the Research Forum. You should each find at 
least three sources (other than the textbook, and at least one offline such as a book or encyclopaedia) to 
help you discover extra information about different aspects of roller-coaster design. You can view and 
comment on other group members’ articles and rate the information that they have entered. When your 
research is complete, print out your Research Report to hand in to your teacher.

 • Set up your blog and start with a summary of what you have found out about how energy is transferred 
and transformed during a roller-coaster ride. Make regular entries in your blog over the course of the 
project, describing the process of designing, building and testing your roller-coaster from start to finish. 
Everyone in the group should contribute to the diary/log.

 • Visit your Media Centre and download the design specifications for the completed model. Your Media 
Centre also includes images that you may find useful when creating your plan, or which you may wish 
to use to make your blog more interesting. The Media Centre also includes weblinks to sites that will 
allow you to explore the ideas involved in roller-coaster making as well as how to go about creating a 
blog.

 • Design, build and test your roller-coaster. Each member of the group should be responsible for a section 
of the ride. Don’t forget to update your blog as you go.

 • Use a camcorder, digital camera with video mode or other video device to film your roller-coaster in 
action. Edit and save your video file.

 • Add your finished plan and your video to your blog.
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9.10 Review
9.10.1 Describing motion
 • distinguish between distance and displacement 9.2
 • contrast the instantaneous and average speed of moving objects 9.3
 • calculate and compare the speed and velocity of moving objects 9.3
 • describe how velocity can be determined from a displacement–time graph 9.3
 • investigate the speed of an object using a ticker timer 9.3
 • relate acceleration to a change in speed or direction 9.4
 • calculate the acceleration of an object 9.4

9.10.2 Forces and motion
 • describe the contribution of Galileo to our understanding of forces 9.5
 • recall the unit of force  9.5
 • identify the forces that act on a vehicle in motion 9.5
 • distinguish between balanced and unbalanced forces 9.6
 • describe what is meant by the term ‘net force’ and calculate the net force in familiar situations 9.6

9.10.3 Newton’s laws of motion
 • state Newton’s three laws of motion 9.5, 9.6, 9.7
 • define the term ‘inertia’ 9.5
 • relate the concept of inertia to everyday situations 9.5
 • state the equation that relates the net force to mass and acceleration 9.6
 • identify some common action–reaction pairs 9.7

9.10.4 Advances in car safety
 • explain how inertia acts on the passenger of a car which suddenly changes its motion 9.8
 • explain how modern car safety features such as seatbelts, airbags and head restraints improve  

passenger safety 9.8

FOCUS ACTIVITY
Carry out a first-hand investigation to examine the relationship between the accelerating force on a vehicle and its 
acceleration. A trolley can be accelerated by suspending a 50 g mass carrier over the edge of a bench and attaching 
it to the trolley via a pulley clamp. Leave the other nine 50 g masses in the trolley initially. Use a ticker timer to 
obtain velocity–time data, plot this graph and find the gradient to determine the trolley’s acceleration. Vary the mass 
suspended and hence the accelerating force by transferring 50 g masses from the trolley to generate sufficient 
acceleration values to allow a further plot of accelerating force versus acceleration. Alternatively a data logger may be 
used to determine acceleration directly for each run.

Access more details about focus activities for this topic in the Resources tab. (doc-10662)

Individual pathways

 V ACTIVITY 9.1
Revising movement
doc-10663

 V ACTIVITY 9.2
Investigating movement
doc-10664

 V ACTIVITY 9.3
Investigating movement further
doc-10665

 ONLINE ONLY
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9.10 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. A scientist investigating the flight patterns of a fly observed the following:
The fly flew 4 m forward then 5 m back and then, finally, 3 m forward, where it lay on its back buzzing.
(a) Construct a distance–line graph to represent this flight.
(b) Calculate the distance travelled by the fly.
(c) Calculate the fly’s final displacement from its starting position.

2. Describe how you can calculate speed from adistance–time graph.
3. A traveller at a bus stop was observed walking about while waiting for the bus. Use the following graph of 

the traveller’s movements to answer the questions below.
(a) Identify the traveller’s displacement after 4 seconds.
(b) After 8 seconds the traveller has a displacement of −2 m. Explain what the negative sign indicates.
(c) After 16 seconds:

(i) Identify how far the traveller is from the 
starting position.

(ii) Is the traveller in front of or behind the 
starting position? Explain your answer.

(iii) Calculate the total distance the traveller 
has moved since leaving the starting 
position.

(d) Identify the time intervals over which the 
traveller did not change position.

(e) Calculate the gradient between the start and 
the 4 seconds mark.

(f) Calculate the velocity between the start and 
the 4 seconds mark.

(g) Calculate the velocity between 8 and 12 
seconds.

4. Use the appropriate rule to calculate the average speed (in m/s) in each of the following:
(a) A 1200 m drive to the shops in 60 seconds
(b) A 45-second walk over a 9 m distance.

5. Calculate how far a baby crawls in 20 seconds if its speed is 0.5 m/s.
6. The diagram below shows part of the ticker tape record of the motion of a toy car as it is pushed along a table. 

As the tape moves through the ticker timer, a new black dot is produced every fiftieth of a second (0.02 s). The 
ticker tape has been divided into four equal time intervals labelled A, B, C and D.

(a) Identify the time intervals during which the speed of the toy car is:
(i) increasing
(ii) decreasing.

(b) Identify the time intervals during which the:
(i) speed of the toy car is constant
(ii) acceleration of the toy car is constant.

(c) Identify in which of the four intervals the total force acting on the toy car was zero.
(d) Identify in which of the four intervals the unbalanced force was acting on the toy car in the same direction 

as that in which the car was moving
(e) What period of time is represented by each of the four time intervals? Express your answer in decimal 

form.
(f) Assuming the tape is to scale, calculate the average speed during the entire time interval represented by 

the ticker tape.
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7. Use Newton’s second law to calculate answers for the following:
(a) A 1400 kg car accelerates at 3.0 m/s2. What size force is needed to cause this acceleration?
(b) A force of 160 N causes an object to accelerate at 2.0 m/s2. What is the object’s mass?
(c) A force of 210 N acts on a mass of 70 kg. What is the acceleration?

8. Seatbelts are made from a woven material. This type of material can stretch. When a seatbelt is used in a 
crash, this stretching can lessen the injuries experienced by the passenger. Explain how this occurs. Use 
the ideas about car crumple zones as a guide.

9. The table below provides information about four laps completed by one of the drivers in an Australian 
Formula One Grand Prix. The distance covered during one complete circuit of the course is 5.3 km.
(a) Make a copy of the table and calculate the missing values.

(b) Propose two likely reasons for the lower average speed during lap 25.
10. Many older people who drove cars more than 50 years ago make the comment ‘They don’t make them like 

they used to’ in discussions about crumple zones. They describe how older cars were stronger and tougher, 
and therefore safer. Write a letter to a person who has made such a statement explaining why it is better 
that ‘they don’t make them like they used to’.

11. Explain in terms of Newton’s second law why it can be dangerous to have objects which are not tied or 
strapped down inside a moving vehicle.

Test yourself
1. Identify which of the following best describes the term inertia.

(A) The amount of force needed to make an object start moving
(B) The tendency of an object to resist changes to its motion
(C) The tendency of an object to slow down regardless of the force acting on it
(D) The force that results from Earth’s gravity (1 mark)

2. When an air-filled balloon is released, the balloon travels in one direction while the expelled air  
travels in the other. This is an example of
(A) Newton’s First Law of Motion.
(B) The law of inertia.
(C) Newton’s Second Law of Motion.
(D) Newton’s Third Law of Motion. (1 mark)

3. Identify which of the following measures instantaneous speed.
(A) The speedometer in a car
(B) A stopwatch
(C) A digitector
(D) A ticker timer (1 mark)

4. A car accelerates because
(A) the resistance forces acting on the car are 

greater than the thrust provided by the car’s 
engine.

(B) the resistance forces acting on the car are 
smaller than the thrust provided by the car’s 
engine.

(C) the resistance forces acting on the car are equal 
to the thrust provided by the car’s engine.

(D) there are no resistance forces acting on the car 
when it moves. (1 mark)

Lap no. Time (s) Average speed (m/s) Average speed (km/h)

 5  90

15 60 216

25 110

35  92 57.6
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5. Design a series of experiments that tests a variety of materials for suitability as seatbelts. You may  
include materials such as synthetic webbing strap, rubber, leather, lycra, woven metal, woven and  
knitted fabrics. In determining the best material for the job, you will need to consider:
• how the material stretches under different loads
• the maximum force that can be exerted on the material without breaking
• the material’s ability to return to its original length
• how easily the material could be adjusted for user comfort.
Write a report outlining your results and offering a suggestion as to which of the materials  
testedwould be most suitable for use in seatbelts. (6 marks)

 Complete this digital doc: Worksheet 9.5: On the move puzzles (doc-0000)

 Complete this digital doc: Worksheet 9.6: On the move summary (doc-0000)

RESOURCES — ONLINE ONLY

UNCORRECTED P
AGE P

ROOFS




